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was generally observed, yet gratifyingly, silica gel exhibited high endo-selectivity albeit in low yield (entry 9). [5] Recognizing that silica is hygroscopic, it was unclear to us whether trace H 2 O or the silanol surface of the silica gel was promoting the reaction. Rigorous drying of the silica prior to use had no effect on conversion or selectivity (entry 10), suggesting that indeed the silanol was the promoting species. [6] Complete conversion was obtained by simply increasing the promoter loading (entry 11). Silicic acid (SiO 3 H 2 ) also promoted the cyclization (entry 12). Due to the mild nature of silica promoters, only the major diastereomer of 5 cyclized at 40 °C, allowing for facile removal of the unwanted stereoisomer by chromatography. Conveniently, microwave heating reduced the reaction time from days to minutes with no appreciable drop in yield or selectivity (entry 13).
Having identified a new and efficient promoter for the cyclization of the 1,3-dioxane template onto a single epoxide, [7] we turned our attention towards elaboration of the newly formed THP in 8 into ring K of the natural product, and the template for the next cascade. Protection of alcohol 8 as a PMB ether was followed by acetal solvolysis to provide a diol, the secondary alcohol of which was protected as a silyl ether (Scheme 2). [8] At this stage we chose to protect primary alcohol 10 as a methyl ether which would serve as an orthogonally protected fragment coupling site following the epoxide-opening cascade. Silyl group cleavage, oxidation and a stereoselective addition of methyl Grignard [9] afforded 12, ring K of the natural product, in 38% overall yield from 8.
Olefin metathesis to join the template and epoxide-bearing fragment 14 (prepared from known epoxy alcohol 13[10] in 6 steps) initially proved challenging. Attempts to couple olefins 12 and 14 with ruthenium-based catalysts gave mainly the self-metathesis product (15) of 14 and minimal cross-metathesis. Suspecting that the PMB ether of 12 may be interfering with the desired reaction, [11] this group was removed, and under reaction conditions identical to those investigated with 12, diol 4 underwent cross-metathesis to give 16 in moderate yield and E:Z selectivity. The yield was improved significantly by replacing olefin 14 with an excess of selfmetathesis product 15.
[12] Greater than 90% of unreacted 15 was recovered and could be reused in the metathesis reaction without event. Furthermore, while the cross-metathesis proceeds with moderate E:Z selectivity, the olefin isomers are separable allowing for recycling of the undesired Z-olefin by resubjection to the metathesis reaction. In all, this metathesis strategy afforded several hundred milligrams of 16. [13] Finally, protection of alcohol 16 prevented undesired cyclization during the subsequent asymmetric epoxidation with fructosederived ketone 19. [ 
14]
Having convergently assembled polyepoxide 2, we were eager to explore the water-promoted cascade. Cognizant of how changes to the template composition can radically affect endoselectivity, [15] it was challenging to predict a priori whether ring K, bearing a methoxymethyl substituent at the 2-position as well as a tertiary alcohol and axial methyl group at the 3-position, would template the reaction in the desired fashion. Incubation of 2 in H 2 O at 60 °C for 5 days followed by acetylation afforded a mixture of the desired tetrad (1) and a compound in which rings IJ had formed, but the final epoxide had remained intact. This triad (18) intrigued us for two reasons. In previous cascades, complete conversion was typically observed after 3 days at 60 °C. Second, we had not previously isolated an epoxide-containing intermediate en route to the final cascade product. The attenuated reactivity of the remaining epoxide is likely due to the presence of the electron-withdrawing oxygen atom in the benzyl ether. A higher temperature and longer reaction time (80 °C, 9 d) surmounted this stalled cascade and after acetylation afforded 1, the desired HIJK fragment of gymnocin A in 35% overall yield, corresponding to approximately 70% yield per newly formed ring.
In summary, we have employed two different functionalized templates for the synthesis of the HIJK rings of gymnocin A. The first template (1,3-dioxane of 5) provides high endo-selectivity in the presence of silicon dioxide-based promoters. The product (8) of this cyclization, a synthetically versatile intermediate, was facilely elaborated into a second template (ring K of gymnocin A) facilitating a water-promoted cascade of triepoxide 2 into tetrad 1. Noteworthy is that this polyether subunit enjoys a total of 4 differentiated functional groups, 2 at each end, thus allowing for elaboration of both termini and significantly increasing the synthetic utility of products obtained from epoxide-opening cascades. The use of dioxane and other functionalized templates towards the total synthesis of ladder polyether natural products is under investigation.
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